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(54) RAW MATERIAL ALLOY FOR RARE EARTH MAGNET AND ITS PRODUCTION 

(57)Abstract 

PROBLEM TO BE SOLVED: To obtain a raw material powder for magnet excellent in a 
magnetic property by forming a low heat conduction layer on a roll surface so as to suppress 
the generation of a fine chill crystal structure in a solidified raw material for magnet when 
producing a raw material for a R-T-B magnet by a rapid solidifying method by using a cooling 
roll. 

SOLUTION: When producing a raw material for a R-T^B magnet, a molten metal of the alloy 
is rapidly cooled/solidified in an inert gas atmosphere of Ar, etc., or a vacuum with a twin roll 
method, etc., to be pulverized. In this case, a surface layer of 0.1-10 mm thickness , which is 
made of a material having a l ow coefficient of heat conduction on ji^j^umjna, etc., is 
formed on a surface of a rapid moling roll, which is made of a material havi ng a good j 
coefficient of heat conduction of Cu, etc. D ue to presence of the surface layer, the 
generation of a fine chill crystal is suppressed to a structure of the R-T-B alloy to be 
cooled/solidified. By setting its generation rate to <5%, a_magnetic property of the R-T-B 
magnet, which is obtained by crushing the ailoy and forming/sintering, is improved. 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a raw material powder for magnet excellent in a magnetic property 
by forming a low heat conduction layer on a roll surface so as to suppress the generation of a fine chill 
crystal structure in a solidified raw material for magnet when producing a raw material for a R-T-B magne 
by a rapid solidifying method by using a cooling roll. 

SOLUTION: When producing a raw material for a R-T-B magnet, a molten metal of the alloy is rapidly 
cooled/solidified in an inert gas atmosphere of Ar, etc., or a vacuum with a twin roll method, etc., to be 
pulverized. In this case, a surface layer of 0.1-10 mm thickness, which is made of a material having a low 
coefficient of heat conduction of Ni, Cr, alumina, etc., is formed on a surface of a rapid cooling roll, which 
made of a material having a good coefficient of heat conduction of Cu, etc. Due to presence of the surface 
layer, the generation of a fine chill crystal is suppressed to a structure of the R-T-B alloy to be 
cooled/solidified. By setting its generation rate to <5%, a magnetic property of the R-T-B magnet, which is 
obtained by crushing the alloy and forming/sintering, is improved. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 



[Claim(s)] 

[Claim 1] The raw material alloy for rare earth system magnets whose rate of surface ratio (average generation ratio 
a chill crystal organization) occupied in the whole cross-section organization of the detailed chill crystal organization 
which generates near the thin band front face in contact with the roll side of this raw material alloy it is the raw mate 
alloy for R-T-B system magnets manufactured by the rapid solidification method using the roll for cooling, and is 5% 
or less. 

[Claim 2] The manufacture approach of the raw material alloy for rare earth system magnets which forms in the mol 
metal cooling surface of the roll for cooling the surface layer which consists of an ingredient with thermal conductiv 
smaller than a roll base material by the thickness exceeding at least 0. 1mm in the manufacture approach of the raw 
material alloy for rare earth systfem magnets of carrying out the rapid solidification of the R-T-B system alloy molten 
metal with the roll for cooling, and obtaining an alloy thin band, and performs and carries out the rapid solidification 
the garadual-cooling-izing by the different material surface layer. 

[Claim 3] The manufacture approach of the raw material alloy for rare earth system magnets which surface layer 
thickness exceeds 0. 1mm in claim 2, and is 10mm or less. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3 in the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Manufacture of the raw material alloy for R-T-B system magnets of a presentation is started 
variously, this invention is manufactured by the rapid solidification method which used the roll for cooling The 
surface layer of the specific thickness by the ingredient with thermal conductivity smaller than a base material is 
prepared and garadual-cooling-ized to a roll surface. By making the rate of occupying the amount of a detailed chill 
crystal organization generated near the roll side side front face of the alloy flake obtained in the thickness cross secti 
of the alloy flake of a detailed chill crystal organization few, with 5% or less The detailed powder generated at the tim 
of pulverizing of an alloy flake is decreased, and it is related with the raw material alloy for rare earth system magne 
which enabled manufacture of the alloy powder for magnets which consists of predetermined particle size distributio 
and can expect improvement in magnetic properties, and its manufacture approach. 
[0002] 

[Description of the Prior Art] In recent years, the Nd-Fe-B system sintered magnet which is a highly efficient (rare 
earth R) system sintered magnet is used in various fields. For example, while beginning the motor built into the inter 
of electronic equipment, such as a hard disk drive unit, and expanding the need to a field generation source of medic 
equipment like nuclear-magnetic- resonance tomographic equipment (MRI) etc., the demand of the further high- 
performance-izing is also growing. In this background, some proposals are made about the raw material alloy by the 
manufacturing technology of a raw material alloy and it aiming at improvement in a magnet property. 
[0003] Although the ingot which cast the molten metal to mold was ground and sintered at the beginning and the 
magnet was manufactured, in the ingot periphery section and a core, there was a problem of that organizations differ 
remarkably, crystal grain's being big and rough, and big and rough Fe depositing. When it magnet-izes using the raw 
material alloy which ground and obtained the casting ingot, while the rare earth elements between magnet particles a 
in a magnet particle have inconvenient maldistribution and degrading a magnet property, a degree of sintering, a 
grindability, and the raw material yield were worsened also in respect of manufacture. 

[0004] Some proposals about the rapid solidification method using the quenching roll as a solution over this problem 
are made. It is supposed that a magnet with the coercive force which was excellent in JP,60-89546,A by obtaining a 
tetragonal organization 5 micrometers or less by quenching can be manufactured. Moreover, in JP,63-3 17643,A, the 
manufacture approach which specified the diameter of columnar crystal crystal grain of the raw material alloy obtain 
using a quenching roll and casting board thickness, and attained high perfonnance-ization of the magnet obtained is 
proposed. 

[0005] The manufacture approach which was going to specify manufacture conditions with a quenching roll, i.e., a 
cooling rate, the degree of undercooling, the cooling direction, etc., and was going to obtain proper columnar structu 
is proposed by JP,5-222488,A, JP,5-295490,A, and JP,7-66022,A- 

[0006] Furthermore, in JP,4-55042,A and JP,5-135919,A, while covering Cr deposit with 10-100 micrometers in the 
roll periphery section and improving the endurance of a roll, the manufacture approach which it was going to make t 
proper diameter of crystal grain easier to obtain is proposed. 
[0007] 

[Problem(s) to be Solved by the Invention] On the other hand, also when a casting ingot is ground and obtained and 
considering improvement in the magnetic properties of a R-T-B system sintered magnet it uses the raw material alloy 
which ground the thin band alloy obtained using a quenching roll, a magnet property is worsened according to that it 
easy to oxidize the detailed powder with a particle size of 1 micrometer or less generated at the time of grinding bein 
smaller than the diameter of crystal grain again, and bringing about the fall of the raw material yield is pointed out. 
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.[G008] Although each raw material alloy for R-T-B system magnets manufactured by the rapid solidification method 
using the above-mentioned roll for cooling could attain magnetic high performance-ization, it was what cannot preve 
generating of detailed powder with a particle size of 1 micrometer or less at the time of grinding. Although removal 
detailed powder is needed for improvement in the further magnet property, it is not easy and the raw material alloy w 
little generating of detailed powder is called for at the time of grinding. 

[0009] This invention aims at offer of that manufacture approach in the raw material alloy list concerned which can 
reduce generating of detailed powder with a particle size of 1 micrometer or less in the raw material alloy for R-T-B 
system magnets manufactured by the rapid solidification method which used the roll for cooling at the time of that 
grinding. 

[0010] ' 
[Means for Solving the Problem] In order that artificers may solve generating of detailed powder with a particle size 
[ at the time of grinding of the rare earth system thin band alloy by the rapid solidification method ] of 1 micrometer 
less As a result of investigating the quenching solidification structure of the raw material alloy for R-T-B system alio 
magnets, at the time of a grinding process as a factor of detailed powder generating it is shown in the side which mai 
contacts the roll of the piece of casting at drawing 1 and drawing 2 at the time of quenching by roll quenching -- it 
needs - etc. - a shaft -- the knowledge of the detailed chill crystal organization being generated and this detailed chi 
crystal generating detailed powder in a grinding process was carried out. 

[001 1] Then, artificers completed this invention paying attention to the following point of 1-9, as a result of repeatin 
examination variously, in order to aim at generation prevention of a detailed chill crystal organization generated at th 
side in contact with the roll which caused detailed powder generating at the time of grinding. 
[0012] 1) The quality of the material of the cooling roller generally used conventionally is a pure copper or a copper 
alloy near this, and is high. [ of thermal conductivity ] 

2) Among the cross-section solidification structure of a cast piece, in the field near the roll surface, since the cooling 
rate at the time of coagulation is large, a degree of undercooling is also large and the nucleation rate of coagulation is 
large. 

3) In the large roll side close-attendants side field of a nucleation rate, it is easy to generate a detailed chill crystal 
organization among the cross-section organizations of a rapid solidification cast piece. 

4) In order to prevent generation of a detailed chill crystal organization, it is effective to change the quality of the 
material in the cooling surface of a roll into the quality of the material with low thermal conductivity as compared w 
copper or a copper alloy. 

5) It is not desirable from a viewpoint of the cooling effectiveness of the roll by water cooling to, change uniformly a 
the quality of the materials of the roll for cooling itself into what has low thermal conductivity on the other hand. 

6) Garadual-cooling-izing by surface treatment changes only the quality of the material of the surface part of a coppe 
roll into the quality of the material with low thermal conductivity namely, is effective there. 

7) In the solidification structure of the rare earth system magnet raw material alloy manufactured by the approach of 
the yield of a chill crystal is low and is generating the uniform columnar crystal organization toward a free-surface si 
from the roll side side. 

8) Generation of impalpable powder is controlled by the approach of 6, and the yield in a grinding process is improv 
and uniform particle size distribution are acquired. 

9) The sintered magnet sintered [ grinds the raw material alloy for rare earth system magnets manufactured by the 
approach of 6, casts, and ] and obtained has good magnetic properties. 

[0013] That is, this invention is a raw material alloy for R-T-B system magnets manufactured by the rapid solidificat 
method which used the roll for cooling, and is a raw material alloy for rare earth system magnets whose rate of surfa 
ratio (average generation ratio of a chill crystal organization) occupied in the whole cross-section organization of the 
detailed chill crystal organization which generates near the thin band front face in contact with the roll side of this ra 
material alloy is 5% or less. 

[0014] Moreover, this invention is the manufacture approach of the raw material alloy for rare-earth system magnets 
which forms in the molten metal cooling surface of the roll for cooling the surface layer which consists of an ingredi 
with thermal conductivity smaller than a roll base material by the thickness exceeding at least 0. 1mm, and performs 
carries out the rapid solidification of the garadual-cooling-izing by the different-material surface layer in the 
manufacture approach of the raw material alloy for rare-earth system magnets of carrying out the rapid solidification 
the R-T-B system alloy molten metal with the roll for cooling, and obtaining an alloy thin band. 
[0015] 

[Embodiment of the Invention] The presentation of the raw material alloy for R-T-B system magnets manufactured b 
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<his invention uses rare earth elements (R), a transition-metals element (T), and B as a principal component, and is 
constituted by the unescapable impurity element on the various alloying elements selected suitably and other ingots. 
This is for making it constitute that it is also at 2 of R rich phase which was rich in R which plays the role which 
segregates to the main magnetism phase and grain boundary of ****** which consist of an atomic ratio of R2T14B 1 
which shows the magnetic properties which were excellent in the permanent magnet by this invention, and promotes 
liquid phase sintering in a sintering process phases. 

[0016] Specifically R may use Nd as a principal component, and may contain rare earth elements, such as Pr and Dy 
and the presentation range (sum total of R) has desirable ten atoms % - 30 atom %. 30 atom % Coercive force (He) 
sufficient by under 10 atom % is not acquired, and it is because sufficient residual magnetic flux density (Br) will no 
be obtained if it exceeds. The still more desirable range of Ris 12 to 15 atom %. 

[0017] T may specifically use Fe as a principal component, Co may be contained, and the presentation range is 42 
atoms % - 88 atom %. 88 atom % It is not obtained in residual magnetic flux density sufficient by under 42 atom %, 
and is because sufficient coercive force will not be acquired if it exceeds. The still more desirable range of T is 77 to 
atom %. The permutation by Co is effective for the thermal resistance of a permanent magnet, and corrosion-resistan 
improvement. 

[0018] The presentation range of B is two atoms % - 28 atom %. 28 atom % Coercive force sufficient by under 2 ato 
% is not acquired, and it is because sufficient residual magnetic flux density Br will not be obtained if it exceeds. Th 
still more desirable range of T is four to 8 atom %. 

[0019] Into furthermore, the R-Fe-B alloy containing said R and B, Fe alloy, or Co aluminum below 9.5 atom %, Ti 
below 4.5 atom %, V below 9.5 atom %, Cr below 8.5 atom %, Mn below 8.0 atom %, Bi below pentatomic %, Nb 
below 12.5 atom %, Ta below 10.5 atom %, Mo below 9.5 atom %, The high coercive force of a permanent magnet 
alloy becomes possible by carrying out at least one-sort addition content among W below 9.5 atom %, Sb below 2.5 
atom %, germanium below 7 atom %, Sn below 3.5 atom %, Zr below 5.5 atom %, and Hf below 5.5 atom %. In the 
Fe-B system permanent magnet of this invention, as for a crystal layer, it is indispensable that a main stratum is 
******, and it is effective for obtaining detailed and uniform alloy powder and producing especially, the sintering 
permanent magnet which has outstanding magnetic properties. 

[0020] This invention is characterized by facing carrying out the rapid solidification of the alloy molten metal blende 
so that it might become an above-mentioned presentation using a quenching roll according to a conventional method 
into an inert atmosphere like Ar gas, or a vacuum, and manufacturing the raw material alloy for R-T-B system magn 
and attaining garadual-cooling-ization by carrying out surface treatment of the molten metal contact surface of the ro 
for cooling especially. The reason is for controlling generation of the detailed chill crystal organization which becom 
the factor which generates impalpable powder in a next grinding process. 

[0021] namely, ~ although an ingredient with high thermal conductivity like copper or a copper alloy is used for the 
body of a quenching roll in many cases, the cooling effect of a molten metal is excessive — becoming the roll side 
close-attendants side of a cast piece - homaxial - although it is easy to generate a detailed chill crystal organization 
can do [ controlling generation of a detailed chill crystal, or ] by giving surface treatment as an ingredient with therm 
conductivity lower than material of roll is also to the front face of a roll. 

[0022] As an ingredient of the surface layer of the roll for cooling, nickel, Mo, Cr, WC-Co, An alumina, TiN, SiC an 
A1N, Si3N4, a zirconia, nickel-50Cr, Co-23Cr-12aluminum-0.5Y, Co-32nickel-21Cr-8aluminum-0.5upsilon, nickel- 
22Cr- 1 Oaluminum- 1 Y, Co-28Cr-4W-3Fe-lC, Co-28Mo-17Cr-3Si, WC-27NiCr, aluminum203-3Ti02, aluminum20 
25Zr02-2Ti02, A1203-22Si, It is effective, and, of course, ZrO 2-8Y203, Zr02-25MgO, WC-14CoCr, and Cr3C2- 
25NiCr, Zr02-33Si02, Cr3C2, and TiC, ZrC and ZrB2 may carry out the laminating of these quality of the materials 
and they may use complexly. The reason with these effective quality of the materials is that the effectiveness of 
garadual-cooling-izing is easy to be acquired since thermal conductivity is low as compared with the alloy with whic 
any quality of the material uses copper, such as copper and copper beryllium, as a principal component. 
[0023] To the surface treatment by nickel and/or Cr, plating is desirable. Moreover, Mo, WC-Co, an alumina, TiN, S 
and A1N, Si3N4, a zirconia, nickel-50Cr and Co-23Cr-12aluminum-0.5Y, Co-32nickel-21Cr-8aluminum-0.5upsilon, 
nickel-22Cr-10aluminum-lY, Co-28Cr-4W-3Fe-lC, Co-28Mo-17Cr-3Si, WC-27NiCr, aluminum203-3Ti02, 
aluminum203-25Zr02-2Ti02, A1203-22Si, To ZrO 2-8Y203, Zr02-25MgO, WC-14CoCr, and Cr3C2-25NiCr, 
Zr02-33Si02, Cr3C2, and the surface treatment by TiC, ZrC, and ZrB2, thermal spraying is desirable. Since it excel 
in adhesion with the quality of the material with the body of a roll, the reason is because heat transfer is good. 
[0024] Moreover, these surface layers may be used complexly. For example, independently nickel, Mo, or Cr to a ro 
side namely, after plating complexly, [ or ] Furthermore on the front face, WC-Co, an alumina, TiN, SiC, A1N, Si3N 
zirconia, nickel-50Cr, and Co-23Cr-12aluminum-0.5Y, Co-32nickel-21Cr-8aluminum-0.5Y, nickel-22Cr-10aluminu 
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1Y, Co-28Cr-4W-3Fe-lC, Co-28Mo-17Cr-3Si, WC-27NiCr, aluminum203-3Ti02, aluminum203-25Zr02-2Ti02, 
aluminum203-22Si, Thermal spraying of ZrO 2-8upsilon203, ZrO2-25Mg0, WC-14CoCr, and Cr3C2-25NiCr, ZrO 
33Si02, Cr3C2, and TiC, ZrC and ZrB2 may be carried out independently complexly. Moreover, metaled composite 
spraying is also effective. For example, composite spraying of W-Cu and Fe-nickel-Cu may be carried out, 
respectively. Furthermore, composite spraying of a metal and the ceramics may be given. For example, it is desirable 
carry out composite spraying of SiC and the nickel using a double torch, and to give a hot isostatic press (Hot Isostat 
Pressing; HIP) as eburnation processing after thermal spraying in this case. 

[0025] As thickness of the surface layer of the roll for cooling, the range of 0.1mm or more and 10mm or less is 
desirable. It is to be fully unable to realize garadual-cooling-ization of an alloy cast piece in 0. 1mm or less, but for a 
chill crystal to generate. If it exceeds 10mm, the problem to which coercive force falls when it manufactures^ a 
permanent magnet since big-and-rough-izing of solidification structure is remarkable is produced, in order that 
garadual-cooling-ization may pass further, gamma-Fe of a primary phase crystallizes, an alpha-Fe phase remains in a 
raw material alloy by the phase transformation after coagulation, and grinding property ****** invites the fall of a 
magnet property and is not desirable. From this viewpoint, the still more desirable thickness range of a surface layer 
nickel, Mo, W-Cu, Fe-nickel-Cu, nickel-50Cr, and Co-23Cr-12aluminum-0.5Y, Co-32nickel-21Cr-8aluminum-0.5Y 
nickel -22Cr- 1 Oaluminum- 1 Y, In the case of Co-28Cr-4W-3Fe-lC and Co-28Mo-17Cr-3Si, 0.5mm, An alumina, TiN 
SiC and A1N, Si3N4, azirconia, aluminum203-3Ti02, aluminum203-25Zr02-2Ti02, aluminum203-22Si, ZrO 2- 
8Y203, Zr02-25MgO, WC-14CoCr, and Cr3C2-25NiCr, Zr02-33Si02, Cr3C2, and in the case of TiC, ZrC, and 
ZrB2, in 0.1 -2mm, WC-Co, and WC-27NiCr, it is 0.5-4mm. 

[0026] Although the raw material alloy for rare earth magnets of this invention is manufactured using the roll for 
cooling which gave the above-mentioned surface layer, that gestalt is good also by the congruence rolling method al 
in the single rolling method. Since it goes on from the both sides of the coagulation cast piece of a molten metal, you 
can make it form a uniform columnar crystal organization more thickly, in using a congruence roll especially. 
Consequently, there is an advantage that the manufacture effectiveness of a raw material alloy improves, and a grind 
property and a magnet property improve. 

[0027] You may be any of the horizontal **** method which in the case of the congruence rolling method pour a top 
and use law or tundish about the supply approach of a molten metal. Although not limited especially about the size o 
roll, from a viewpoint of manufacture effectiveness and the cooling effectiveness by internal water cooling, a path is 
200mm - 700mm, and it is desirable for width of face to be 200mm - 1000mm. 

[0028] The raw material alloy for R-T-B system magnets manufactured by the strip casting method using the roll for 
cooling of this above-mentioned invention has the columnar crystal organization in which the yield of a chill crystal 
low and uniform. The average generation ratio of the chill crystal organization 3 generated on about one roll side sid 
front face is 5% or less in the surface ratio in a cross-section organization, and, specifically, the raw material alloy fo 
R-T-B system magnets of this invention is characterized by having the columnar crystal organization 4 where the 
remainder is uniform, as shown in drawing 1 and drawing 2 . An average generation ratio is 2% or less still more 
desirably. 

[0029] Here, in this invention, a definition is given as follows and the average generation ratio of a chill crystal 
organization is judged. First, as a sample for organization observation, an observation side is made to detect the 
longitudinal-section organization of the raw material alloy for R-T-B system magnets, and it gazes at it by 500 times 
using a polarization microscope. A raw material alloy is embedded to resin etc., is ground in detection of an 
organization, and it does not take detection especially according to etching fluid etc., using as it is what finished the 
longitudinal section in the shape of a mirror plane by finishing buffing. The reflection electron image of a scanning 
electron microscope may be used for observation. A polarization image or a reflection electron image is used for 
making a chill crystal organization detect vividly. 

[0030] The visual field to observe chooses the cross-section organization by the side of roll side close attendants at 
random, and takes a longitudinal-section 400 continuousmm [ like drawing 1 and drawing 2 ] (with 500 times) 
organization photograph. To coincidence, the organization photograph is taken for the about 50-time low scale facto 
and it asks for the gross area of the raw material alloy corresponding to the field observed previously. Next, it consid 
as the generation ratio of a chill crystal organization with a ratio with the gross area for which asked for the area of th 
field which presents the chill crystal organization 3, and it asked previously in the organization photograph taken by 
500 times. By such approach, it asks for the generation ratio of a chill crystal about a total of ten cross-section 
organization photographic strips extracted at random, and considers as the average generation ratio of a chill crystal 
organization. 

[003 1] Moreover, although primary dendrite arm spacing of a columnar crystal is usually made into the particle size 
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particle size of the direction of a minor axis) of a columnar crystal, a uniform columnar crystal organization is that 
primary [ an average of] dendrite arm spacing of a columnar crystal organization is set to 3-10 micrometers. Primary 
dendrite arm spacing is defined as follows, and is judged here. First, as a sample for organization observation, an 
observation side is made to detect the longitudinal-section organization of the raw material alloy for R-T-B system 
magnets, and it gazes at it by 200 times using the usual optical microscope. A raw material alloy is embedded to resi 
etc., is ground in detection of an organization, and it does not take detection especially according to etching fluid etc 
using as it is what finished the longitudinal section in the shape of a mirror plane by finishing buffing. 
[0032] The visual field to observe chooses ten visual fields of cross-section organizations by the side of roll side clos 
attendants at random, and takes a longitudinal-section organization photograph by 200 times. In these cross-section 
organization photographs, a straight line is drawn in location of 20mm (photograph top absolute size) from a roll sid 
side, and the number of the primary arms which cross the straight line is counted. It ** by the number which counted 
the sample absolute size equivalent to the die length of the straight line, and considers as primary dendrite arm spacin 
[0033] In order to obtain the raw material alloy for R-T-B system magnets which has an above-mentioned alloy 
organization, it is desirable for the thickness of a cast piece to be 0. 1- 10mm. In less than 0.1mm, the cooling effect 
becomes excessive, and the generation ratio of a chill crystal exceeds 5%, the cooling effect is not fully demonstrated 
in 10mm or more, but there is a problem which causes big-and-rough-izing of solidification structure and generation 
alpha-Fe. From the viewpoint, the thickness of a still more desirable cast piece is 0.2-5mm. 
[0034] The raw material alloy for R-T-B system magnets manufactured by the above-mentioned approach is 
manufactured by the permanent magnet with a good magnet property by performing the powder metallurgy process 
described below, i.e., grinding, shaping among a magnetic field, sintering, and heat treatment. 
[0035] It is desirable to give preliminary grinding (hydrogen grinding) by the hydrogenation-dehydrogenation to 
grinding. A hydrogen treating introduces hydrogen gas, after setting the raw material alloy for R-T-B system magnet 
to a vacua within a chamber etc., after holding it at least 5 minutes or more, it leads it to a vacuum once again, inert g 
such as Ar gas, permutes it if needed, and it is processed by cooling to a room temperature. Preliminary grinding is 
given by performing dehydrogenation treatment after a hydrogen treating. Dehydrogenation treatment is processed b 
cooling to a room temperature, after holding 30 minutes or more in a vacuum at 100 degrees C - 600 degrees C. 
[0036] Grinding by the jet mill is given after above-mentioned preliminary grinding. Dry type or wet attritor or a bal 
mill may be used for grinding. The average powder grain size after grinding has desirable 2-8 micrometers. In order 
that a less than 2-micrometer impalpable powder particle may tend to oxidize during grinding and average grain size 
may reduce a magnet property, it cannot be used, but there is a problem of causing the fall of the yield as a result. Th 
is a problem that, as for a particle, average grain size causes the fall of coercive force in the coarse powder end of 8- 
micrometer ** in order to make the grain structure of a sintered magnet big and rough. From this viewpoint, a more 
desirable average grain size is 2-4 micrometers. 

[0037] By performing a series of above-mentioned grinding processings to the raw material alloy for R-T-B system 
magnets of this invention, the powder which has a good particle-size-distribution property with little impalpable 
powder compared with the conventional material is obtained. In shaping among a magnetic field, it is filled up with t 
powder of the raw material alloy for R-T-B system magnets obtained by the above-mentioned approach by the mold 
made from austenite steel, the mold made of rubber, for example, the product, of a non-magnetic material, or 
martensitic steel, and after carrying out orientation of the powder particle by impressing a pulsed magnetic field, it 
fabricates with a press. Moreover, a static magnetic field or a pulsed magnetic field, and a static magnetic field may 
combined instead of a pulsed magnetic field. 

[0038] Sintering is processed at 1030 degrees C - 1 150 degrees C in a vacuum or Ar inert gas ambient atmosphere fo 
to 4 hours. The permanent magnet of this invention is manufactured by performing aging heat treatment for 30 - 90 
minutes at 450 degrees C - 650 degrees C if needed after that. Moreover, the raw material alloy for magnets 
manufactured by this invention is possible also for application in a HDDR process, and usable also to a bond magnet 
[0039] 
[Example] 

The alloy of the presentation shown in example 1 table 1 was once decompressed to 0.01Torr(s), and it dissolved by 
high-frequency induction heating in the ambient atmosphere which poured in Ar gas up to gage pressure 0.2 
atmospheric pressure. The rapid solidification cast piece was produced with the congruence roll quenching equipmen 
shown in drawing 3 using this molten metal. The surface of hot water 7 goes up gradually as drawing 3 is what show 
rapid solidification equipment typically, and teeming is carried out from the tundish 5 upper part, and a molten meta 
once accumulated in tundish 5 and carries out teeming, and it is **. It overflows from the tundish weir 6 and results 
roll 8. The roll 8 has rotated in the direction of the arrow head in drawing beforehand, rapid solidification is carried o 

h g eg b eb eg e e 



Page 6 of 



♦with a roll 8, and the rapid solidification cast piece 9 is produced. 

[0040] The diameter of a roll shall be 600mm and the base material shall show the quality of the material of the surfa 
layer in Table 2 and 5 using a copper beryllium alloy. Moreover, the gap during a roll was adjusted so that it might b 
set to l-2mm. In addition, although this example was explained by the case where a congruence roll is used, even wh 
a single roll was used, it was checked that the same effectiveness had been acquired. 

[0041] The obtained cast piece was held in 3kg/cm2 H2 gas ambient atmosphere for 2 hours, and carried out the 
hydrogen treating to it, and it held at 500 degrees C among the vacuum after that for 5 hours, dehydrogenation 
treatment was performed, and it considered as preliminary grinding by cooling to a room temperature. About magnet 
field shaping, the mold made of rubber was filled up with the obtained powder, and after carrying out orientation of t 
powder by impressing the pulsed magnetic field of 30kOe momentarily, the hydrostatic-pressure press was.given. Af 
holding this Plastic solid in 3 hours and sintering it at 1090 degrees C, aging heat treatment of 1 hour was performed 
600 degrees C, and the permanent magnet was obtained. 

[0042] As the chill crystal yield of the cast piece obtained by the approach of this invention was shown in Table 3 an 
6, it was 5% or less, and primary arm spacing of a columnar crystal was set to 3.2-7 micrometers, the detailed powde 
yield after grinding was low, and the magnetic maximum energy product was greatly good compared with the examp 
of a comparison. 

[0043] The same trial as an example was performed using the thing with the copper beryllium alloy which is a base 
material, without reforming the peripheral face of an example of comparison 1 quenching roll. It is shown in Table 4 
making the result into the example of a comparison. Although spacing of a primary DIN light arm was the same as th 
of an example, the yield of a chill crystal was over 5%, the fines yield was also high and the magnet property was als 
that in which a maximum energy product is small inferior as compared with an example. 

[0044] The same trial as an example was performed using the quenching roll which reformed the peripheral face by 
plating with an example of comparison 2 thickness of 50 micrometers. The result is shown in Table 4. In Cr plating, 
since effectiveness of garadual-cooling-izing cannot fully be acquired, there is a problem on which the yield of a chi 
crystal exceeds 5%, impalpable powder is generated, and the yield is reduced, and also it is clear that a magnet prope 
is also inferior as compared with the example of this invention. 
[0045] 
[Table 1] 

(at%) 





Nd 


Pr 


Dy 


Fe 


Co 


B 




14.5 


0 


0 


bal 


0 


6 




9.0 


3 


2.5 


bal 


0 


6 




14.6 


0 


0 


bal 


3 


6 



[0046] 
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[0051] 

[Effect of the Invention] This invention made it possible to be able to control generation of a detailed chill crystal 
organization, consequently to prevent generation of the impalpable powder in a grinding process, and to obtain the 
powder for shaping of good particle size distribution by preparing the surface layer of the according to ingredient wi 
thermal conductivity smaller than base material to roll surface variously on the occasion of manufacture of raw mate 
alloy for R-T-B system magnets of presentation specification thickness manufactured by the rapid-solidification 
method which used the roll for cooling, and attaining garadual-cooling-ization. Furthermore, it made it possible to of 
a R-T-B system magnet with a good magnet property by performing shaping, sintering, and aging heat treatment usin 
the powder for shaping. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Manufacture of the raw material alloy for R-T-B system magnets of a presentation is started 
variously, this invention is manufactured by the rapid solidification method which used the roll for cooling The 
surface layer of the specific thickness by the ingredient with thermal conductivity smaller than a base material is 
prepared and garadual-cooling-ized to a roll surface. By making the rate of occupying the amount of a detailed chill 
crystal organization generated near the roll side side front face of the alloy flake obtained in the thickness cross secti 
of the alloy flake of a detailed chill crystal organization few, with 5% or less The detailed powder generated at the tim 
of pulverizing of an alloy flake is decreased, and it is related with the raw material alloy for rare earth system magne 
which enabled manufacture of the alloy powder for magnets which consists of predetermined particle size distributio 
and can expect improvement in magnetic properties, and its manufacture approach. 
[0002] 

[Description of the Prior Art] In recent years, the Nd-Fe-B system sintered magnet which is a highly efficient (rare 
earth R) system sintered magnet is used in various fields. For example, while beginning the motor built into the inter 
of electronic equipment, such as a hard disk drive unit, and expanding the need to a field generation source of medic 
equipment like nuclear-magnetic-resonance tomographic equipment (MRI) etc., the demand of the further high- 
performance-izing is also growing. In this background, some proposals are made about the raw material alloy by the 
manufacturing technology of a raw material alloy and it aiming at improvement in a magnet property. 
[0003] Although the ingot which cast the molten metal to mold was ground and sintered at the beginning and the 
magnet was manufactured, in the ingot periphery section and a core, there was a problem of that organizations differ 
remarkably, crystal grain's being big and rough, and big and rough Fe depositing. When it magnet-izes using the raw 
material alloy which ground and obtained the casting ingot, while the rare earth elements between magnet particles a 
in a magnet particle have inconvenient maldistribution and degrading a magnet property, a degree of sintering, a 
grindability, and the raw material yield were worsened also in respect of manufacture. 

[0004] Some proposals about the rapid solidification method using the quenching roll as a solution over this problem 
are made. It is supposed that a magnet with the coercive force which was excellent in JP,60-89546,A by obtaining a 
tetragonal organization 5 micrometers or less by quenching can be manufactured. Moreover, in JP,63-3 17643 ,A, the 
manufacture approach which specified the diameter of columnar crystal crystal grain of the raw material alloy obtain 
using a quenching roll and casting board thickness, and attained high performance-ization of the magnet obtained is 
proposed. 

[0005] The manufacture approach which was going to specify manufacture conditions with a quenching roll, i.e., a 
cooling rate, the degree of undercooling, the cooling direction, etc., and was going to obtain proper columnar structu 
is proposed by JP,5-222488,A, JP,5-295490,A, and JP,7-66022,A. 

[0006] Furthermore, in JP,4-55042,A and JP,5-135919,A, while covering Cr deposit with 10-100 micrometers in the 
roll periphery section and improving the endurance of a roll, the manufacture approach which it was going to make t 
proper diameter of crystal grain easier to obtain is proposed. 
[0007] 

[Problem(s) to be Solved by the Invention] On the other hand, also when a casting ingot is ground and obtained and 
considering improvement in the magnetic properties of a R-T-B system sintered magnet it uses the raw material alloy 
which ground the thin band alloy obtained using a quenching roll, a magnet property is worsened according to that it 
easy to oxidize the detailed powder with a particle size of 1 micrometer or less generated at the time of grinding bein 
smaller than the diameter of crystal grain again, and bringing about the fall of the raw material yield is pointed out. 
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{0008] Although each raw material alloy for R-T-B system magnets manufactured by the rapid solidification method 
using the above-mentioned roll for cooling could attain magnetic high performance-ization, it was what cannot preve 
generating of detailed powder with a particle size of 1 micrometer or less at the time of grinding. Although removal 
detailed powder is needed for improvement in the further magnet property, it is not easy and the raw material alloy w 
little generating of detailed powder is called for at the time of grinding. 

[0009] This invention aims at offer of that manufacture approach in the raw material alloy list concerned which can 
reduce generating of detailed powder with a particle size of 1 micrometer or less in the raw material alloy for R-T-B 
system magnets manufactured by the rapid solidification method which used the roll for cooling at the time of that 
grinding. 

[0010] 1 
[Means for Solving the Problem] In order that artificers may solve generating of detailed powder with a particle size 
[ at the time of grinding of the rare earth system thin band alloy by the rapid solidification method ] of 1 micrometer 
less As a result of investigating the quenching solidification structure of the raw material alloy for R-T-B system alio 
magnets, at the time of a grinding process as a factor of detailed powder generating it is shown in the side which mai 
contacts the roll of the piece of casting at drawing 1 and drawing 2 at the time of quenching by roll quenching - it 
needs - etc. -- a shaft - the knowledge of the detailed chill crystal organization being generated and this detailed chi 
crystal generating detailed powder in a grinding process was carried out. 

[001 1] Then, artificers completed this invention paying attention to the following point of 1-9, as a result of repeatin 
examination variously, in order to aim at generation prevention of a detailed chill crystal organization generated at th 
side in contact with the roll which caused detailed powder generating at the time of grinding. 
[0012] 1) The quality of the material of the cooling roller generally used conventionally is a pure copper or a copper 
alloy near this, and is high. [ of thermal conductivity ] 

2) Among the cross-section solidification structure of a cast piece, in the field near the roll surface, since the cooling 
rate at the time of coagulation is large, a degree of undercooling is also large and the nucleation rate of coagulation is 
large. 

3) In the large roll side close-attendants side field of a nucleation rate, it is easy to generate a detailed chill crystal 
organization among the cross-section organizations of a rapid solidification cast piece. 

4) In order to prevent generation of a detailed chill crystal organization, it is effective to change the quality of the 
material in the cooling surface of a roll into the quality of the material with low thermal conductivity as compared w 
copper or a copper alloy. 

5) It is not desirable from a viewpoint of the cooling effectiveness of the roll by water cooling to, change uniformly a 
the quality of the materials of the roll for cooling itself into what has low thermal conductivity on the other hand. 

6) Garadual-cooling-izing by surface treatment changes only the quality of the material of the surface part of a coppe 
roll into the quality of the material with low thermal conductivity namely, is effective there. 

7) In the solidification structure of the rare earth system magnet raw material alloy manufactured by the approach of 
the yield of a chill crystal is low and is generating the uniform columnar crystal organization toward a free-surface si 
from the roll side side. 

8) Generation of impalpable powder is controlled by the approach of 6, and the yield in a grinding process is improv 
and uniform particle size distribution are acquired. 

9) The sintered magnet sintered [ grinds the raw material alloy for rare earth system magnets manufactured by the 
approach of 6, casts, and ] and obtained has good magnetic properties. 

[0013] That is, this invention is a raw material alloy for R-T-B system magnets manufactured by the rapid solidificat 
method which used the roll for cooling, and is a raw material alloy for rare earth system magnets whose rate of surfa 
ratio (average generation ratio of a chill crystal organization) occupied in the whole cross-section organization of the 
detailed chill crystal organization which generates near the thin band front face in contact with the roll side of this ra 
material alloy is 5% or less. 

[0014] Moreover, this invention is the manufacture approach of the raw material alloy for rare-earth system magnets 
which forms in the molten metal cooling surface of the roll for cooling the surface layer which consists of an ingredi 
with thermal conductivity smaller than a roll base material by the thickness exceeding at least 0. 1mm, and performs 
carries out the rapid solidification of the garadual-cooling-izing by the different-material surface layer in the 
manufacture approach of the raw material alloy for rare-earth system magnets of carrying out the rapid solidification 
the R-T-B system alloy molten metal with the roll for cooling, and obtaining an alloy thin band. 
[0015] 

[Embodiment of the Invention] The presentation of the raw material alloy for R-T-B system magnets manufactured b 
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this invention uses rare earth elements (R), a transition-metals element (T), and B as a principal component, and is 
constituted by the unescapable impurity element on the various alloying elements selected suitably and other ingots. 
This is for making it constitute that it is also at 2 of R rich phase which was rich in R which plays the role which 
segregates to the main magnetism phase and grain boundary of ****** which consist of an atomic ratio of R2T14B 1 
which shows the magnetic properties which were excellent in the permanent magnet by this invention, and promotes 
liquid phase sintering in a sintering process phases. 

[0016] Specifically R may use Nd as a principal component, and may contain rare earth elements, such as Pr and Dy 
and the presentation range (sum total of R) has desirable ten atoms % - 30 atom %. 30 atom % Coercive force (IHc) 
sufficient by under 10 atom % is not acquired, and it is because sufficient residual magnetic flux density (Br) will no 
be obtained if it exceeds. The still more desirable range of R is 12 to 15 atom %. 

[0017] T may specifically use Fe as a principal component, Co may be contained, and the presentation range is 42 
atoms % - 88 atom %. 88 atom % It is not obtained in residual magnetic flux density sufficient by under 42 atom %, 
and is because sufficient coercive force will not be acquired if it exceeds. The still more desirable range of T is 77 to 
atom %. The permutation by Co is effective for the thermal resistance of a permanent magnet, and corrosion-resistan 
improvement. 

[0018] The presentation range of B is two atoms % - 28 atom %. 28 atom % Coercive force sufficient by under 2 ato 
% is not acquired, and it is because sufficient residual magnetic flux density Br will not be obtained if it exceeds. Th 
still more desirable range of T is four to 8 atom %. 

[0019] Into furthermore, the R-Fe-B alloy containing said R and B, Fe alloy, or Co aluminum below 9.5 atom %, Ti 
below 4.5 atom %, V below 9.5 atom %, Cr below 8.5 atom %, Mn below 8.0 atom %, Bi below pentatomic %, Nb 
below 12.5 atom %, Ta below 10.5 atom %, Mo below 9.5 atom %, The high coercive force of a permanent magnet 
alloy becomes possible by carrying out at least one-sort addition content among W below 9.5 atom %, Sb below 2.5 
atom %, germanium below 7 atom %, Sn below 3.5 atom %, Zr below 5.5 atom %, and Hf below 5.5 atom %. In the 
Fe-B system permanent magnet of this invention, as for a crystal layer, it is indispensable that a main stratum is 
******, and it is effective for obtaining detailed and uniform alloy powder and producing especially, the sintering 
permanent magnet which has outstanding magnetic properties. 

[0020] This invention is characterized by facing carrying out the rapid solidification of the alloy molten metal blende 
so that it might become an above-mentioned presentation using a quenching roll according to a conventional method 
into an inert atmosphere like Ar gas, or a vacuum, and manufacturing the raw material alloy for R-T-B system magn 
and attaining garadual-cooling-ization by carrying out surface treatment of the molten metal contact surface of the ro 
for cooling especially. The reason is for controlling generation of the detailed chill crystal organization which becom 
the factor which generates impalpable powder in a next grinding process. 

[0021] namely, - although an ingredient with high thermal conductivity like copper or a copper alloy is used for the 
body of a quenching roll in many cases, the cooling effect of a molten metal is excessive - becoming the roll side 
close-attendants side of a cast piece -- homaxial - although it is easy to generate a detailed chill crystal organization 
can do [ controlling generation of a detailed chill crystal, or ] by giving surface treatment as an ingredient with therm 
conductivity lower than material of roll is also to the front face of a roll. 

[0022] As an ingredient of the surface layer of the roll for cooling, nickel, Mo, Cr, WC-Co, An alumina, TiN, SiC an 
A1N, Si3N4, a zirconia, nickel-50Cr, Co-23Cr-12aluminum-0.5Y, Co-32nickel-21Cr-8aluminum-0.5upsilon, nickel- 
22Cr-10aluminum-lY, Co-28Cr-4W-3Fe-lC, Co-28Mo-17Cr-3Si, WC-27NiCr, aluminum203-3Ti02, aluminum20 
25Zr02-2Ti02, A1203-22Si, It is effective, and, of course, ZrO 2-8Y203, Zr02-25MgO, WC-14CoCr, and Cr3C2- 
25NiCr, Zr02-33Si02, Cr3C2, and TiC, ZrC and ZrB2 may carry out the laminating of these quality of the materials 
and they may use complexly. The reason with these effective quality of the materials is that the effectiveness of 
garadual-cooling-izing is easy to be acquired since thermal conductivity is low as compared with the alloy with whic 
any quality of the material uses copper, such as copper and copper beryllium, as a principal component. 
[0023] To the surface treatment by nickel and/or Cr, plating is desirable. Moreover, Mo, WC-Co, an alumina, TiN, S 
and A1N, Si3N4, a zirconia, nickel-50Cr and Co-23Cr-12aluminum-0.5Y, Co-32nickel-21Cr-8aluminum-0.5upsilon, 
nickel-22Cr-10aluminum-lY, Co-28Cr-4W-3Fe-lC, Co-28Mo-17Cr-3Si, WC-27NiCr, aluminum203-3Ti02, 
aluminum203-25Zr02-2Ti02, A1203-22Si, To ZrO 2-8Y203, Zr02-25MgO, WC-14CoCr, and Cr3C2-25NiCr, 
Zr02-33Si02, Cr3C2, and the surface treatment by TiC, ZrC, and ZrB2, thermal spraying is desirable. Since it excel 
in adhesion with the quality of the material with the body of a roll, the reason is because heat transfer is good. 
[0024] Moreover, these surface layers may be used complexly. For example, independently nickel, Mo, or Cr to a ro 
side namely, after plating complexly, [ or ] Furthermore on the front face, WC-Co, an alumina, TiN, SiC, A1N, Si3N 
zirconia, nickel-50Cr, and Co-23Cr-12aluminum-0.5Y, Co-32nickel-21Cr-8aluminum-0.5Y, nickel-22Cr-10aluminu 
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•tY, Co-28Cr-4W-3Fe-lC, Co-28Mo-17Cr-3Si, WC-27NiCr, aluminum203-3Ti02, aluminum203-25Zr02-2Ti02, 
aluminum203-22Si, Thermal spraying of ZrO 2-8upsilon203, Zr02-25MgO, WC-14CoCr, and Cr3C2-25NiCr, ZrO 
33Si02, Cr3C2, and TiC, ZrC and ZrB2 may be carried out independently complexly. Moreover, metaled composite 
spraying is also effective. For example, composite spraying of W-Cu and Fe-nickel-Cu may be carried out, 
respectively. Furthermore, composite spraying of a metal and the ceramics may be given. For example, it is desirable 
carry out composite spraying of SiC and the nickel using a double torch, and to give a hot isostatic press (Hot Isostat 
Pressing; HIP) as eburnation processing after thermal spraying in this case. 

[0025] As thickness of the surface layer of the roll for cooling, the range of 0. 1mm or more and 10mm or less is 
desirable. It is to be fully unable to realize garadual-cooling-ization of an alloy cast piece in 0. 1mm or less, but for a 
chill crystal to generate. If it exceeds 10mm, the problem to which coercive force falls when it manufactures to a 
permanent magnet since big-and-rough-izing of solidification structure is remarkable is produced, in order that 
garadual-cooling-ization may pass further, gamma-Fe of a primary phase crystallizes, an alpha-Fe phase remains in a 
raw material alloy by the phase transformation after coagulation, and grinding property ****** invites the fall of a 
magnet property and is not desirable. From this viewpoint, the still more desirable thickness range of a surface layer 
nickel, Mo, W-Cu, Fe-nickel-Cu, nickel-50Cr, and Co-23Cr-12aluminum-0.5Y, Co-32nickel-21Cr-8aluminum-0.5Y 
nickel-22Cr-10aluminum-lY, In the case of Co-28Cr-4W-3Fe-lC and Co-28Mo-17Cr-3Si, 0.5mm, An alumina, TiN 
SiC and A1N, Si3N4, a zirconia, aluminum203-3Ti02, aluminum203-25Zr02-2Ti02, aluminum203-22Si, ZrO 2- 
8Y203, Zr02-25MgO, WC-14CoCr, and Cr3C2-25NiCr, Zr02-33Si02, Cr3C2, and in the case of TiC, ZrC, and 
ZrB2, in 0.1 -2mm, WC-Co, and WC-27NiCr, it is 0.5-4mm. 

[0026] Although the raw material alloy for rare earth magnets of this invention is manufactured using the roll for 
cooling which gave the above-mentioned surface layer, that gestalt is good also by the congruence rolling method al 
in the single rolling method. Since it goes on from the both sides of the coagulation cast piece of a molten metal, you 
can make it form a uniform columnar crystal organization more thickly, in using a congruence roll especially. 
Consequently, there is an advantage that the manufacture effectiveness of a raw material alloy improves, and a grind 
property and a magnet property improve. 

[0027] You may be any of the horizontal **** method which in the case of the congruence rolling method pour a top 
and use law or tundish about the supply approach of a molten metal. Although not limited especially about the size o 
roll, from a viewpoint of manufacture effectiveness and the cooling effectiveness by internal water cooling, a path is 
200mm - 700mm, and it is desirable for width of face to be 200mm - 1000mm. 

[0028] The raw material alloy for R-T-B system magnets manufactured by the strip casting method using the roll for 
cooling of this above-mentioned invention has the columnar crystal organization in which the yield of a chill crystal 
low and uniform. The average generation ratio of the chill crystal organization 3 generated on about one roll side sid 
front face is 5% or less in the surface ratio in a cross-section organization, and, specifically, the raw material alloy fo 
R-T-B system magnets of this invention is characterized by having the columnar crystal organization 4 where the 
remainder is uniform, as shown in drawing 1 and drawing 2 . An average generation ratio is 2% or less still more 
desirably. 

[0029] Here, in this invention, a definition is given as follows and the average generation ratio of a chill crystal 
organization is judged. First, as a sample for organization observation, an observation side is made to detect the 
longitudinal-section organization of the raw material alloy for R-T-B system magnets, and it gazes at it by 500 times 
using a polarization microscope. A raw material alloy is embedded to resin etc., is ground in detection of an 
organization, and it does not take detection especially according to etching fluid etc., using as it is what finished the 
longitudinal section in the shape of a mirror plane by finishing buffing. The reflection electron image of a scanning 
electron microscope may be used for observation. A polarization image or a reflection electron image is used for 
making a chill crystal organization detect vividly. 

[0030] The visual field to observe chooses the cross-section organization by the side of roll side close attendants at 
random, and takes a longitudinal-section 400 continuousmm [ like drawing 1 and drawing 2 ] (with 500 times) 
organization photograph. To coincidence, the organization photograph is taken for the about 50-time low scale facto 
and it asks for the gross area of the raw material alloy corresponding to the field observed previously. Next, it consid 
as the generation ratio of a chill crystal organization with a ratio with the gross area for which asked for the area of th 
field which presents the chill crystal organization 3, and it asked previously in the organization photograph taken by 
500 times. By such approach, it asks for the generation ratio of a chill crystal about a total of ten cross-section 
organization photographic strips extracted at random, and considers as the average generation ratio of a chill crystal 
organization. 

[003 1] Moreover, although primary dendrite arm spacing of a columnar crystal is usually made into the particle size 
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particle size of the direction of a minor axis) of a columnar crystal, a uniform columnar crystal organization is that 
primary [ an average of] dendrite arm spacing of a columnar crystal organization is set to 3-10 micrometers. Primary 
dendrite arm spacing is defined as follows, and is judged here. First, as a sample for organization observation, an 
observation side is made to detect the longitudinal-section organization of the raw material alloy for R-T-B system 
magnets, and it gazes at it by 200 times using the usual optical microscope. A raw material alloy is embedded to resi 
etc., is ground in detection of an organization, and it does not take detection especially according to etching fluid etc 
using as it is what finished the longitudinal section in the shape of a mirror plane by finishing buffing. 
[0032] The visual field to observe chooses ten visual fields of cross-section organizations by the side of roll side clos 
attendants at random, and takes a longitudinal-section organization photograph by 200 times. In these cross-section 
organization photographs, a straight line is drawn in location of 20mm (photograph top absolute size) from a roll sid 
side, and the number of the primary arms which cross the straight line is counted. It ** by the number which counted 
the sample absolute size equivalent to the die length of the straight line, and considers as primary dendrite arm spacin 
[0033] In order to obtain the raw material alloy for R-T-B system magnets which has an above-mentioned alloy 
organization, it is desirable for the thickness of a cast piece to be 0.1 -10mm. In less than 0.1mm, the cooling effect 
becomes excessive, and the generation ratio of a chill crystal exceeds 5%, the cooling effect is not fully demonstrated 
in 10mm or more, but there is a problem which causes big-and-rough-izing of solidification structure and generation 
alpha-Fe. From the viewpoint, the thickness of a still more desirable cast piece is 0.2-5mm. 
[0034] The raw material alloy for R-T-B system magnets manufactured by the above-mentioned approach is 
manufactured by the permanent magnet with a good magnet property by performing the powder metallurgy process 
described below, i.e., grinding, shaping among a magnetic field, sintering, and heat treatment 
[0035] It is desirable to give preliminary grinding (hydrogen grinding) by the hydrogenation-dehydrogenation to 
grinding. A hydrogen treating introduces hydrogen gas, after setting the raw material alloy for R-T-B system magnet 
to a vacua within a chamber etc., after holding it at least 5 minutes or more, it leads it to a vacuum once again, inert g 
such as Ar gas, permutes it if needed, and it is processed by cooling to a room temperature. Preliminary grinding is 
given by performing dehydrogenation treatment after a hydrogen treating. Dehydrogenation treatment is processed b 
cooling to a room temperature, after holding 30 minutes or more in a vacuum at 100 degrees C - 600 degrees C. 
[0036] Grinding by the jet mill is given after above-mentioned preliminary grinding. Dry type or wet attritor or a bal 
mill may be used for grinding. The average powder grain size after grinding has desirable 2-8 micrometers. In order 
that a less than 2-micrometer impalpable powder particle may tend to oxidize during grinding and average grain size 
may reduce a magnet property, it cannot be used, but there is a problem of causing the fall of the yield as a result. Th 
is a problem that, as for a particle, average grain size causes the fall of coercive force in the coarse powder end of 8- 
micrometer ** in order to make the grain structure of a sintered magnet big and rough. From this viewpoint, a more 
desirable average grain size is 2-4 micrometers. 

[0037] By performing a series of above-mentioned grinding processings to the raw material alloy for R-T-B system 
magnets of this invention, the powder which has a good particle-size-distribution property with little impalpable 
powder compared with the conventional material is obtained. In shaping among a magnetic field, it is filled up with t 
powder of the raw material alloy for R-T-B system magnets obtained by the above-mentioned approach by the mold 
made from austenite steel, the mold made of rubber, for example, the product, of a non-magnetic material, or 
martensitic steel, and after carrying out orientation of the powder particle by impressing a pulsed magnetic field, it 
fabricates with a press. Moreover, a static magnetic field or a pulsed magnetic field, and a static magnetic field may 
combined instead of a pulsed magnetic field. 

[0038] Sintering is processed at 1030 degrees C - 1 150 degrees C in a vacuum or Ar inert gas ambient atmosphere fo 
to 4 hours. The permanent magnet of this invention is manufactured by performing aging heat treatment for 30 - 90 
minutes at 450 degrees C - 650 degrees C if needed after that. Moreover, the raw material alloy for magnets 
manufactured by this invention is possible also for application in a HDDR process, and usable also to a bond magnet 
[0039] 
[Example] 

The alloy of the presentation shown in example 1 table 1 was once decompressed to 0.01Torr(s), and it dissolved by 
high-frequency induction heating in the ambient atmosphere which poured in Ar gas up to gage pressure 0.2 
atmospheric pressure. The rapid solidification cast piece was produced with the congruence roll quenching equipmen 
shown in drawing 3 using this molten metal. The surface of hot water 7 goes up gradually as drawing 3 is what show 
rapid solidification equipment typically, and teeming is carried out from the tundish 5 upper part, and a molten meta 
once accumulated in tundish 5 and carries out teeming, and it is **. It overflows from the tundish weir 6 and results 
roll 8. The roll 8 has rotated in the direction of the arrow head in drawing beforehand, rapid solidification is carried o 
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with a roll 8, and the rapid solidification cast piece 9 is produced. 

[0040] The diameter of a roll shall be 600mm and the base material shall show the quality of the material of the surfa 
layer in Table 2 and 5 using a copper beryllium alloy. Moreover, the gap during a roll was adjusted so that it might b 
set to l-2mm. In addition, although this example was explained by the case where a congruence roll is used, even wh 
a single roll was used, it was checked that the same effectiveness had been acquired. 

[0041] The obtained cast piece was held in 3kg/cm2 H2 gas ambient atmosphere for 2 hours, and carried out the 
hydrogen treating to it, and it held at 500 degrees C among the vacuum after that for 5 hours, dehydrogenation 
treatment was performed, and it considered as preliminary grinding by cooling to a room temperature. About magnet 
field shaping, the mold made of rubber was filled up with the obtained powder, and after carrying out orientation oft 
powder by impressing the pulsed magnetic field of 30kOe momentarily, the hydrostatic-pressure press was .given. Af 
holding this Plastic solid in 3 hours and sintering it at 1090 degrees C, aging heat treatment of 1 hour was performed 
600 degrees C, and the permanent magnet was obtained. 

[0042] As the chill crystal yield of the cast piece obtained by the approach of this invention was shown in Table 3 an 
6, it was 5% or less, and primary arm spacing of a columnar crystal was set to 3.2-7 micrometers, the detailed powde 
yield after grinding was low, and the magnetic maximum energy product was greatly good compared with the examp 
of a comparison. 

[0043] The same trial as an example was performed using the thing with the copper beryllium alloy which is a base 
material, without reforming the peripheral face of an example of comparison 1 quenching roll. It is shown in Table 4 
making the result into the example of a comparison. Although spacing of a primaiy DIN light arm was the same as th 
of an example, the yield of a chill crystal was over 5%, the fines yield was also high and the magnet property was als 
that in which a maximum energy product is small inferior as compared with an example. 

[0044] The same trial as an example was performed using the quenching roll which reformed the peripheral face by 
plating with an example of comparison 2 thickness of 50 micrometers. The result is shown in Table 4. In Cr plating, 
since effectiveness of garadual-cooling-izing cannot fully be acquired, there is a problem on which the yield of a chi 
crystal exceeds 5%, impalpable powder is generated, and the yield is reduced, and also it is clear that a magnet prope 
is also inferior as compared with the example of this invention. 
[0045] 
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[0051] 

[Effect of the Invention] This invention made it possible to be able to control generation of a detailed chill crystal 
organization, consequently to prevent generation of the impalpable powder in a grinding process, and to obtain the 
powder for shaping of good particle size distribution by preparing the surface layer of the according to ingredient wi 
thermal conductivity smaller than base material to roll surface variously on the occasion of manufacture of raw mate 
alloy for R-T-B system magnets of presentation specification thickness manufactured by the rapid-solidification 
method which used the roll for cooling, and attaining garadual-cooling-ization. Furthermore, it made it possible to of 
a R-T-B system magnet with a good magnet property by performing shaping, sintering, and aging heat treatment usin 
the powder for shaping. 
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